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** ABSTRACT: 
 
 Fetal calf serum (FCS) is used worldwide in laboratories as a supplement of the 
growth media for cell cultures. The serum is taken from the fetus of a cow. This is done by 
puncturing the heart of a live fetus, after killing the mother. Several fetuses need to be 
slaughtered in order to obtain just a few liters of this serum implying that the production of 
FCS is not very efficient. This procedure creates ethical discussions. Although FCS is widely 
used due to its nutritive properties, it is expensive to obtain. Most of the components of FCS 
are still unknown and its composition is not constant, which introduces problems in the 
research conducted using FCS. Therefore FCS needs to be replaced by the growth media 
supplement with known composition. Our experiments have been aimed towards the 
adaptation of the EPC cell line to a fetal calf serum-free medium, which was gradually 
replaced by synthetically manufactured serum UltraMEM in four steps (10% FCS to 7,5%, 
5%, 2,5% and 0%). Adaptation experiments to 0% FCS were successful and the cells’ 
viability and ability to proliferate could still be observed. Thus we conclude that EPC cells 
can be adapted to low percentages of FCS. The results from toxicological test and MTT 
viability assay demonstrate that different concentration of FCS influences response of EPC 
cells to copper. From our experimental data, EC50 (half maximal effective concentration) 
values for 10%, 7,5% and 5% are 127,42mg/l, 240,9mg/l and 301,22mg/l respectively. 
Compared to the LC50 (lethal concentration, 50%) of the whole Cyprinus carpio (carp), our 
values appear to be much higher.  
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** AIM OF THE PROJECT: 
 
The main aim of the project was to gradually adapt a fish cell line to a fetal calf serum 
free medium. Then with the adapted cells, we tried to show by the means of experiments that 
the different concentrations of fetal calf serum (FCS) affect the results of the toxicological 
assays. Therefore, we aspired to replace or at least reduce the use of FCS as a supplement of 
cell growth media, since its production is inefficient, expensive and unethical.  
 Working on this project gave our group the opportunity to work in the laboratory, 
conducting experiments on a subject that appeals us. Furthermore studying this field 
permitted us to enrich our understanding in Molecular and Environmental Biology, 
Chemistry and Ecotoxicology. 
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1.  Introduction and relevance to the semester theme 
 
In eco-toxicology, cell cultures are grown as a model of an entire animal. These 
cultures can be exposed to various hazardous chemicals, while having a control group. 
The effects can be used to set a better regulation of the exposure of these chemicals. In 
laboratory conditions, fish cells are grown in minimum essential medium along with 10% 
of fetal calf serum (FCS). FCS is a medium which is taken from the heart of a live fetus. 
Obtaining this blood after killing the mother as well, seems cruel in the eyes of many 
people and creates ethical issues. Each fetus only gives between 0,2 and 0,5 liters of 
serum, resulting in the death of many cows and fetuses in order to obtain just a few liters 
of serum (Staines; Price, 2003). Using FCS does not only create ethical issues but also 
scientific issues. The production of fetal calf serum is not only expensive but also 
inefficient. Since the blood derived from different calves does not have identical 
composition, the quality of the produced serum is also variable. It might be contaminated 
with the presence of viruses and/or bacteria in the blood along with having different 
concentrations of hormones, cholesterol and glutamate (Staines; Price, 2003). Along with 
its inconsistent composition, FCS has been also shown to have an undesirable effect on 
cell response (Ackermann; Fent; 1998). Scientists continue to rely on fetal calf serum 
although all of its components are not yet known. Its unidentified composition creates 
difficulties for replacing FCS. We hypothesize that the complete removal of fetal calf 
serum from the medium affects the response of cells in assays that are measuring 
cytotoxicity. Cultivation under fetal calf serum- free conditions may show an 
improvement in the cytotoxicity tests and therefore an alternative needs to be developed. 
Using Epithelioma papulosum cyprinid (EPC) cell line, our intention was to perform 
experiments, reducing the percentage of FCS in order to cautiously adapt the cells to a 
FCS- free medium. Our experiment was inspired by Ackermann and Fent research paper 
from 1998. They conducted experiments using different fish cell lines and different media 
as replacements for FCS. Since the results they obtained were satisfying, we followed the 
protocol indicated in this article, and adapted the cells to a new medium step by step until 
a fetal calf serum-free stage. Considering that the second semester theme is about using 
models, theories and experiments in natural sciences, we created a project involving all 
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these aspects. Our fish cell line is a model representation of an entire fish. Experiments 
were planned and conducted on the EPC cell line in order to obtain scientific data.  
Our problem formulation is whether or not it is possible for us to adapt Epithelioma 
papulosum cyprinid cell line to a fetal calf serum free growth media to grow fish cell 
cultures for toxicological experiments.  
 
 
2.  Problem formulation 
 
Is it possible to adapt Epithelioma papulosum cyprinid cell line to a fetal calf serum free 
growth media to grow fish cell cultures for toxicological experiments? 
 
 
Sub questions: 
- How will FCS-free medium change the cellular response to toxins? 
- Are the growth rates of the cells affected by the change of concentrations of FCS? 
- Can EPC cell line be used as a model for the whole Cyprinus carpio (Carp)?  
 
 
 
 
 
3.  Problem analysis 
 
 
“Possible”: 
We consider the adaptation of the EPC cell line to a FCS-free medium to be possible, and 
therefore successful, if the cell line keeps on living, growing and proliferating.  
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4.  Results of the literature studies 
 
   4.1 Cell line as a model for a whole fish 
The interaction of any substance with an organism begins at the cellular level. 
Alterations in cells lead to changes in tissue or organ function which then have an effect on 
the entire organism. In our experiment, we decided to use fish cell cultures and then compare 
the results of toxicological tests to those of a whole fish. 
When working with the entire animal, a large number of them are required; and 
therefore, high concentrations of the chemical tested are also needed (Schirmer et al, 2008). 
For example, in acute lethality test to find the concentration of the chemical at which 50 
percent of fish die, at least 10 fish are exposed per concentration and a minimum of 5 
different concentrations are tested in addition to a control.  
The use of fish cell cultures in our experiment presents many advantages over using 
the whole animal, such as reduction of the number of animals used in research experiments 
for scientific purposes desired by the society (Schirmer K., 2006). Fish cells are used in large 
numbers, they reproduce in a relatively short amount of time and their cost is less than that of 
an entire fish. Fish cell lines are continuous when the adequate culture environment is 
selected. EPC cells used in our experiment are derived from a skin tumor of a carp so they 
keep on propagating infinitely.  
 
The use of fish cell cultures saves time when toxic substances are being tested. For 
instance, several sets of the same experiment can be made at the same time, leading to more 
accurate results. Moreover, the time of the exposure to toxin is not as long for a cell culture 
(~24 hours) as it is for entire fish (96 hours for acute lethality test). Also a larger number of 
different concentrations of toxic chemical can be easily used in the same experiment.  
 
 However in most permanent cell lines the original specialized function and properties 
of the tissue (epithelial tissue as in the case of EPC cells) from which cells originate can be 
lost over the time as such immortalized cell line was being used in scientific research. 
Therefore, the response of this cancerous cell type to toxic chemicals is not considered to be 
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comparable to results of the same test on whole organisms. The use of primary cell cultures is 
recommended for these kinds of tests (Kilemade and Mothersill, 2008).  
 
 
   4.2 The cell line  
 The EPC cell line: 
 The cell line we used in our experiments is called Epithelioma papulosum cyprinid 
(EPC). These cells are cancerous cells derived from a skin tumor of the carp Cyprinus carpio 
(Figure 1). Since they are cancerous cells, their development and proliferation are 
uncontrolled and fast, they do not stop reproducing; and therefore the same cell line can be 
grown for a very long time by feeding the cells, splitting and transferring them into new 
bottles. Our fish cell line is anchorage dependent, which means that the cells will grow, 
attached to a surface, in our case, the bottom of plastic bottles (Fent K. 2001). 
These cells are good to use in toxicological tests because they are epithelial cells 
(derived from the skin), which means they are in direct contact with the surrounding 
environment of the fish and are among the first affected after the gill cells in the case of a 
toxic contamination of the water. 
 
Figure 1: Cyprinus carpio (Highland Lakes Fly Fishing: “Non-Game Fish”) 
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 Minimum Essential Medium: 
 
MEM (Minimum Essential Medium) is the medium used in our experiments, it contains 
most nutrients necessary for the survival of the cells, such as amino acids, salts, glucose and 
vitamins (Table 1). However, alone, it does not seem to be sufficient for the cells’ survival; it 
needs to be complemented with a serum containing other specific nutrients also essential to 
the development of the cells. 
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Table 1: Minimum Essential Medium composition.(Sigma Aldrich) 
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 Fetal calf serum: 
 
The serum is a liquid from the blood that remains after clotting, centrifugation and 
removal of the clot. This blood is taken directly from calf fetuses (Figure 2); with each fetus 
giving between 0,2 and 0,5 litre of serum, the amount of animals that are killed in order to 
obtain only a few litres of fetal calf serum is considerable since not only the fetus is killed, 
but also the pregnant cow (Staines; Price, 2003). Its production is expensive and not efficient; 
moreover the quality of serum is highly variable due to the different concentrations of 
hormones, cholesterol glutamate and other molecules in the blood. The possible presence of 
viruses or bacteria may contaminate the cells being cultured (Staines; Price, 2003).  
The role of the serum in the cell culture is to create a suitable environment to stimulate 
cell growth. Although the exact nature of most of the compounds found in the serum (over 
1000 components) is still unknown, they are thought to be triggering the cell survival and 
proliferation and to neutralize toxins. The other important part of these compounds is growth 
factors and nutrients essential for the cells (Rourou et al, 2009). Table 2 is an overview of the 
identified components of the fetal calf serum.  
 
 
 
Figure 2: Dead calf (change.org: “Pregnancy at Slaughter: What Happens to the Calves?  
Part 2”) 
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Table 2: Fetal Calf Serum Composition (Staines; Price, 2003) 
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 Ultra Minimum Essential Medium: 
 
UltraMEM is the medium used to replace the fetal calf serum in our experiment; it is 
composed of glutamine, insulin, transferrin, ethanolamine and selenium. Some of these 
compounds (insulin and selenium) are also found in FCS. 
 
 
5. Method-Experiment 
5.1Chemicals: 
Chemicals used for harvesting of the cells:  
− penicillin – added to the cell culture media in order to prevent any bacterial 
infection;  
− trypsin (in EDTA) – to loosen the cells before the splitting;  
− Trypan blue – a dye used for the cell counting, it colors the dead cells.  
The MTT assay:  
− MTT or 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide – MTT is 
reduced to formazan by enzyme reductase in the mitochondria of living cells;  
− dimethyl sulfoxide (DMSO) – needed for extraction of formazan crystals.  
In toxicological assay, the effect of the copper ions (Cu2+) was tested on the cells using a 
solution produced by dissolving copper sulfate pentahydrate (CuSO4+5H2O). Stock dilutions 
were made using sterile water and copper sulfate in the following concentrations 10, 30, 50, 
70, 100, 200, 300 mg of Cu per liter.  
Copper ions (Cu2+) have been shown to induce an overproduction of reactive oxygen 
species (ROS) in the cells. ROS are highly reactive small molecules containing hydrogen 
peroxide (H2O2), and oxygen ions with a single electron that is likely to take an electron from 
any other molecule. These reactive oxygen species are the cause of DNA disintegration, cell 
membrane destruction and many other damages in the cell structure (Kerr et al., 1996) 
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5.2 Basic techniques 
 Splitting of the cell culture 
 Cell splitting was performed in sterile conditions (sterile bench), to prevent 
contamination of the cell culture. The initial cell culture media is removed and 4 ml of trypsin 
(in EDTA) is added to loosen the cells from the bottle. After approximately 30 seconds, when 
the cell culture starts to loosen from the bottle, most of the trypsin is removed (leaving 
approx. 1,5ml). When the cell layer is completely loosened, 2ml of growth media (consisting 
of MEM supplemented with fetal calf serum, UltraMEM and penicillin) is added and the 
solution is mixed using a pipette. In our experiment when splitting the EPC cell cultures, 
0,3ml of cell solution (~1,5ml trypsin and 2 ml growth media) were taken into the new 25ml 
bottle and 10ml of growth media was added.  
 
  Cell counting 
 Cell counting was performed in a Thomas counting chamber (Figure 3). Trypan Blue 
was used to stain the cells. Living cells do not absorb Trypan Blue due to selectivity of a 
plasma membrane. Whereas in dead cells Trypan Blue can freely pass through the membrane 
and therefore dead cells can be distinguished by their distinctive blue color when looking 
through the light microscope.  
 
 
 
 
 
 
Cells were counted in 15 4x4 squares and then the average number of cells per square 
(nav) was used to calculate the concentration of cells (cells/ml) in a solution using the 
formula: 
Figure 3. Grids in Thomas counting chamber. 
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5.3 Cell viability measured by MTT reduction assay 
 Cell viability is measured using the MTT test. Living cells exposed to MTT reduce it 
to formazan crystals (purple compound) in their mitochondria (Figure 4). In dead cells, the 
breakdown of MTT does not occur (Tan et al., 2008), therefore formazan formation is a 
distinctive feature of living cells in this assay. The intracellular formazan crystals can be 
solubilized and extracted with the solvent DMSO and the absorbance of the purple extracted 
solution is measured at 570 nm.  
 
                                               
 
Figure 4: Reduction of MTT (left) to formazan crystals (right). 
 
 
 
 
 
Mitochondrial 
reductase 
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5.4 Experiments 
The adaptation of EPC cell culture to a fetal calf serum (FCS) free growth media was 
performed in four steps. The initial concentration of FCS in a growth media is 10%, which is 
the recommended concentration to grow EPC cells (as well as many other cell cultures) (Ott 
T. 2004). During the adaptation period in each of the four steps, the concentration of FCS 
was reduced by 2,5% (from 10% to 0%). During our experiment FCS was replaced by 
UltraMEM Medium by Lonza; therefore, in each step its concentration was increased by 
2,5% (from 0% to 10%). As suggested by the manufacturer, the effect of UltraMEM medium 
on the growth “is comparable and, in some instances, superior to that of standard media 
supplemented with 10% fetal bovine serum” (Lonza UltraMEM Medium, Product 
description).  
In our experiment, the cells were split into two groups: adaptation group and control 
group. In each step of adaptation, after splitting of the cell culture or change of media, cells 
were incubated for a week at 25°C for a faster growth or 15°C for a slower growth (See 
figure 5).  
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         splitting  change of media  
                    
Figure 5: Plan of the experiment. 
Control group 
STEP 1 
STEP 2 
STEP 3 
STEP 4 
2 bottles 
10% FCS 
25°C 
3x10 ml bottles 
with 10 % FCS            
25°C 
2 bottles 
7,5% FCS 
15°C 
4 bottles 
7,5% FCS 
25°C 
4 bottles 
5% FCS 
25°C 
2 bottles 
5% FCS 
15°C 
2 bottles 
7,5% FCS 
15°C 
4 bottles 
0% FCS 
25°C 
2 bottles 
2,5% FCS 
15°C 
2 bottles 
7,5% FCS 
15°C 
4 bottles 
2,5% FCS 
25°C 
2 bottles 
5% FCS 
15°C 
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Step 1 
 Three 10ml bottles with EPC cell culture grown for a week prior to the adaptation at 
25°C are split into 6 bottles:  
- 4 bottles with 7,5% FCS and 2,5% UltraMEM (further grown for a week at 25°C). 
- 2 bottles with 10% FCS (control group) which were split several times and used for 
the toxicity test.  
 
Step 2 
 2 of the 4 bottles with 7,5% FCS and 2,5% UltraMEM are split into 4 bottles with 5% 
FCS and 5% UltraMEM, incubated at 25°C. Whereas the other 2 bottles are not split, and the 
growth media is replaced by a new one with the same composition (7,5% FCS and 2,5% 
UltraMEM) and cells are further incubated at 15°C.   
 
Step 3 
2 of the 4 bottles with 5% FCS and 5% UltraMEM are split into 4 bottles with 2,5% 
FCS and 7,5% UltraMEM, whereas the other 2 bottles are not split. In these 2 remaining 
bottles, the growth media is replaced by a new one with the same composition (5% FCS and 
5% UltraMEM) and cells are further incubated at 15°C.  
 
Step 4 
2 of the 4 bottles with 2,5% FCS and 7,5% UltraMEM are split into 4 bottles with 0% 
FCS and 10% UltraMEM each, incubated at 25°C. The other 2 bottles are further incubated at 
15°C without splitting, growth media is replaced by a new one with the same composition 
(2,5% FCS and 7,5% UltraMEM).  
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5.5 Toxicity test 
 To test whether the concentration of fetal calf serum in a growth media influences 
cellular response to toxic chemicals, toxicity tests using copper sulfate solution was 
performed.  
Cell cultures with three different concentrations of FCS were first used in this 
experiment: 10%, 5% and 0%. Cells were counted in every solution to obtain the initial 
concentration of cells in each bottle. However, no cells could be observed during the counting 
of the cell solution with 0% FCS. Therefore, the rest of the experiment was conducted with 
cultures grown in 10%, 5%, 2,5% FCS.  
First the three solutions of 2*104 cells per ml of growth media were made in each of 
the three FCS concentrations. 100µl of the three solutions (10%, 5% and 2,5% FCS) were 
then put into 24 wells each (8 wells in three rows) in a microplate and incubated for 24 hours 
at 25°C. Then 100µl of CuSO4 solution in growth media were added into each well, leaving 
the control with 0µM of copper. The concentrations of copper sulfate were taken from the 
article by Tan et al. 10, 30, 50, 70, 100, 200, 300 µM CuSO4 dilutions were made in growth 
media with 10%, 5% and 2,5% FCS. The microplate was further incubated at 25°C for 20 
hours.  
After 20 hours of incubation all the solution above 
the cells was removed by flipping the microplate, then 
25µl of MTT per well were added and the cells were 
incubated at 25°C. After 4 hours MTT was removed and 
200 µl DMSO was added to solubilize formazan crystals. 
After 15 minutes, the absorbance is measured in the 
microplate reader (see figure 6).  
The absorbance in all the wells was approximately 
the same and no toxic effect of copper could be concluded 
from it. This suggests that the copper concentrations from 
the article by Tan et al. are too low and copper at this 
concentration does not have any significant effect on the 
cells.  
Figure 6: Microplate reader. 
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We repeated the experiment using 10, 30, 50, 70, 100, 200, 300 mg/l copper 
concentrations, which is ~16 times higher than in the first toxicological experiment (see 
figure 7). For the repeated toxicity test we used cell cultures grown with 5%, 7,5% and 10% 
FCS. Cells in different concentrations of FCS and Cu were put in the microplate as shown in 
the figure 7. In the repeated toxicity preparation of the microplate and exposure of the cells to 
copper sulfate were performed in the same order as in the first toxicity test. Cells were 
exposed to CuSO4 solution for 22 hours. Moreover, during the repeated test 25µl MTT were 
added into each well without removing solution above the cells.  
 
 
Figure 7: Microplate with cells and CuSO4 solutions for the repeated toxicity test 
 
  
  5%FCS   7,5%FCS           10%FCS 
0mg/l 
10mg/l 
30mg/l 
50mg/l 
70mg/l 
100mg/l 
200mg/l 
300mg/l 
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6.  Results 
6.1 The adaptation results  
 During the adaptation period the effect of reduced amount of FCS in growth media 
could be clearly seen just by observing cell cultures using the light microscope even without 
splitting or counting the cells.  
EPC cell culture in media with 10% FCS forms an even layer in which all the cells are 
round (see figure 8). It is possible to identify dead cells in a culture when looking through the 
light microscope, since dead cells are surrounded by a black ring. In culture with 10% FCS 
only a very few cells could be identified as dead, whereas in cultures with 7,5% and 5% FCS 
a lot more cells were surrounded by a black ring and even though the cell layer was still 
confluent it was not as even as in the culture with 10% FCS. These observations also 
correspond to the results from the cell counting which shows the decrease in the number of 
cells (see table 4).  
 
Figure 8: Cell culture with 10% FCS 
 
EPC cells grown with 2,5% and 0% FCS did not seem to proliferate as fast as with 
higher concentrations of FCS since no confluent cell layer was formed a week and more after 
the splitting (see figure 9). In both cases cells were far away from each other and had small 
dendrite-alike extensions.   
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Figure 9. Cells in a culture with 2,5% FCS.  
 Cell counting of the each cell culture with different FCS concentration was performed 
a week after splitting. The results of cell counting during the adaptation are presented in the 
table 3. 
Table 3. Results of the cell counting during adaptation period 
Concentration 
of FCS 
Amount of cell per ml 
after a week 
10% 6,76*106 
7,5% 5,65*106 
5% 3,31*106 
2,5% 1,74*106 
0% 3,34*105 
 
The connection between concentration of FCS and the amount of cells after 
incubation for a week can be represented by a graph (see figure 10).  
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Figure 10: The relation between concentration of FCS and amount of cells per ml after incubation at 
25°C for one week 
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6.2 Toxicity test results 
  
Results obtained by measuring the absorbance (A) (raw data and calculated data 
presented in the Appendix) in a microplate reader were used to make a graph (see figure 11) 
that shows the effect on the cells incubated with different amount of Cu compared to the 
control group (with 0 mg Cu per liter). Effect in percents was calculated using the following 
formula:  
 
Since the test was performed in triplicates for each concentration of FCS, the average 
absorbance value of three wells was used to calculate the effect.  
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Figure 11. Percentage of dead cells in each concentration of Cu. 
 
The graph in figure 11 is made using three sets of the absorbance values measured 
from the same microplate 15, 20 and 25 minutes after 200 µl DMSO were added into each 
well to extract formazan crystals.  
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%
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 Obtained results about the effect on the cells with different concentration of FCS in 
particular concentration of Cu2+ were further used to determine half maximal effective 
concentrations (EC50).  
EC50 values were calculated from two data sets that were obtained 20 (data set 2, see 
Appendix) and 25 (data set 3, see Appendix) minutes after DMSO was put into the wells of a 
microplate, due to the poor development of purple color after only 15 minutes. Also two data 
points (absorbance of samples with 10, 70 mg/l Cu) strongly contradicting with the other 
results (i.e. negative effect, much lower value then the two adjacent values) were excluded 
from both data sets. Then both data sets were plotted into the graphs adding logarithmic 
trendlines (data set 2 – figure 12; data set 3 – figure 13). Equations describing each trendline 
were taken and Cu concentrations (x values) were calculated for 50% effect (y value) (see 
tables 4 and 5).  
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Figure 12. Logarithmic trendlines for effect (from data set 2) 
 
Table 4. Calculation of EC50 values (from data set 2) 
FCS (%) Trendline equation Y value ( % effect) X value; EC50 (mg/l Cu) 
10 y = 17,408ln(x) - 34,496 50 128mg/l 
7,5 y = 13,758ln(x) - 25,195 50 236mg/l 
5 y = 10,973ln(x) - 12,99 50 311mg/l 
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Figure 13.  Logarithmic trendlines (from data set 3) 
 
Table 5. Calculation of EC50 (data set 3) 
FCS (%) Trendline equation Y value ( % effect) X value; EC50 (mg/l Cu) 
10 y = 17,099ln(x) - 32,779 50 126mg/l 
7,5 y = 13,662ln(x) - 25,18 50 245mg/l 
5 y = 11,475ln(x) - 15,111 50 291mg/l 
 
To obtain the more general results of the experiment, average EC50 values were 
calculated from the two data sets: 
10% FCS  127mg/l 
7,5% FCS   241mg/l 
5% FCS   301mg/l 
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7.  Discussion 
Although we can consider the adaptation of EPC cell line to FCS-free media to be 
successful, it is not clear if the adapted cells could be developed into a permanent cell culture 
under low FCS conditions. As our results from cell counting and observations through the 
light microscope show, the proliferation rate decreased as the FCS percentage decreased. 
However the results obtained from cell counting do not objectively represent the growth rates 
of the cells since, the initial amount of cells in each 25ml bottle at each adaptation step was 
different.  
In the article by Ackermann et al. that was used as primary reference when designing 
our experiment, FCS was gradually replaced by Ultra CULTURE (UC) media. This 
alternative to FCS medium has components also present in UltraMEM (used in our 
experiment), such as transferrin and insulin. As it was further shown in the article by 
Ackermann et al., the use of UC instead of FCS does not change the growth rates of the cells. 
That is why we decided to use UltraMEM as the substitute medium supplement to grow our 
fish cell line. However we conclude that UltraMEM might be missing some essential 
components that would stimulate the growth and the proliferation of EPC cells.  
 The EPC cell line is considered to be an immortal cell line and has been cultured for 
many years. Due to the age of the culture, the cells have lost some specialized functions of 
the tissue and therefore, we cannot consider their reaction to toxic chemicals to be similar to 
that of an entire live fish (Kilemade and Mothersill, 2008). Compared to LC50 (lethal 
concentration 50%) values for the carp, which rages from 0,05 to 0,016mg/l Cu (U.S. 
Environmental Protection Agency, 2010), EC50 values obtained during our experiment are 
much higher.  
The results of the first toxicological test with different concentrations of copper 
sulfate and FCS in a growth media do not match with the results from the article by Tan et al. 
Our results show that copper is more toxic at higher concentrations than suggested in the 
conclusion of Tan et al. experiment.  
From the results of our toxicological experiment it can be seen that the concentration 
of FCS in growth media influences cell response to copper. However it should be also taken 
into consideration that copper sulfate has most likely reacted with the L-cysteine contained in 
the MEM and formed Cu(II)-cysteine complexes. This suggests that not all of the copper 
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used in the experiment actually reacted with the cells. Moreover, it is possible that the 
absorbance might have been influenced by CuSO4 solution, since it has maximal absorbance 
at around 600nm, which is close to wavelength at which absorbance was measured (570nm).  
 
 
8.  Conclusion 
 
EPC cell line can be adapted to low percentages of FCS and FCS free media but with 
reduced growth rates. As we can conclude from our adaptation results, UltraMEM is not a 
sufficient replacement for FCS in the culture of EPC cells, which contradicts the information 
presented in the description of the UltraMEM given by the manufacturer.  
The concentration of FCS in which cell cultures have been grown affects the cellular 
response to Cu2+, with the cell sensitivity decreasing with lower percentages of FCS.  
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ABBREVIATIONS 
 
• CSPR-1- Controlled Process Serum Replacement-Type1 
• EPC- Epithelioma papulosum cyprinid 
• FCS- Fetal Calf Serum 
• MEM-Minimum Essential Medium 
• ROS- Reactive oxygen species 
• TD-TurboDoma (Medium) 
• UC-Ultra Culture (Medium) 
• UltraMEM-Ultra-Minimum Essential Medium 
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APPENDIX 
 
Data set 1 
10% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
Aav - 
Ablank 
Effect (%) 
300 0,101 0,106 0,100 0,102 0,059 62,179 
200 0,110 0,111 0,110 0,110 0,067 57,051 
100 0,117 0,123 0,122 0,121 0,077 50,427 
70 0,136 0,155 0,146 0,146 0,102 34,402 
50 0,139 0,151 0,143 0,144 0,101 35,256 
30 0,194 0,153 0,151 0,166 0,123 21,368 
10 0,225 0,218 0,215 0,219 0,176 -12,821 
0 0,228 0,167 0,203 0,199 0,156 0,000 
 
7,5% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
Aav - 
Ablank 
Effect (%) 
300 0,095 0,094 0,092 0,094 0,094 39,177 
200 0,105 0,093 0,095 0,098 0,098 36,580 
100 0,127 0,122 0,110 0,120 0,120 22,294 
70 0,125 0,129 0,141 0,132 0,132 14,502 
50 0,122 0,126 0,122 0,123 0,123 19,913 
30 0,130 0,131 0,121 0,127 0,127 17,316 
10 0,162 0,167 0,134 0,154 0,154 -0,216 
0 0,164 0,146 0,152 0,154 0,154 0,000 
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5% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav Aav - Ablank Effect (%) 
300 0,091 0,084 0,097 0,091 0,091 38,041 
200 0,094 0,095 0,107 0,099 0,099 32,574 
100 0,117 0,111 0,117 0,115 0,115 21,412 
70 0,112 0,106 0,110 0,109 0,109 25,285 
50 0,115 0,116 0,127 0,119 0,119 18,451 
30 0,116 0,110 0,122 0,116 0,116 20,729 
10 0,117 0,115 0,127 0,120 0,120 18,223 
0 0,153 0,148 0,138 0,146 0,146 0,000 
 
 
 
Data set 2 
10% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
 Aav - 
Ablank 
Effect (%) 
300 
0,105 0,110 0,103 0,106 0,063 62,048 
200 
0,115 0,114 0,112 0,114 0,071 57,430 
100 
0,124 0,126 0,126 0,125 0,082 50,402 
70 
0,140 0,160 0,153 0,151 0,108 34,940 
50 
0,146 0,156 0,146 0,149 0,106 35,944 
30 
0,207 0,158 0,159 0,175 0,132 20,683 
10 
0,214 0,217 0,221 0,217 0,174 -5,020 
0 
0,248 0,178 0,201 0,209 0,166 0,000 
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7,5% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
Aav - 
Ablank 
Effect (%) 
300 0,099 0,098 0,098 0,098 0,055 53,501 
200 0,106 0,097 0,099 0,101 0,058 51,541 
100 0,130 0,128 0,114 0,124 0,081 31,933 
70 0,131 0,137 0,145 0,138 0,095 20,448 
50 0,128 0,131 0,127 0,129 0,086 28,011 
30 0,135 0,137 0,127 0,133 0,090 24,370 
10 0,169 0,176 0,141 0,162 0,119 0,000 
0 0,173 0,154 0,159 0,162 0,119 0,000 
 
5% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
Aav - 
Ablank 
Effect (%) 
300 0,096 0,089 0,103 0,096 0,053 52,537 
200 0,097 0,100 0,111 0,103 0,060 46,567 
100 0,124 0,116 0,121 0,120 0,077 30,746 
70 0,115 0,110 0,115 0,113 0,070 37,015 
50 0,119 0,121 0,132 0,124 0,081 27,463 
30 0,122 0,115 0,129 0,122 0,079 29,254 
10 0,124 0,122 0,133 0,126 0,083 25,373 
0 0,161 0,155 0,148 0,155 0,112 0,000 
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Data set 3 
10% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
Aav - 
Ablank 
Effect (%) 
300 0,109 0,113 0,105 0,109 0,066 62,500 
200 0,120 0,118 0,116 0,118 0,075 57,386 
100 0,131 0,132 0,130 0,131 0,088 50,000 
70 0,144 0,163 0,159 0,155 0,112 36,174 
50 0,153 0,161 0,151 0,155 0,112 36,364 
30 0,215 0,164 0,163 0,181 0,138 21,780 
10 0,238 0,219 0,229 0,229 0,186 -5,492 
0 0,256 0,185 0,216 0,219 0,176 0,000 
 
 
7,5% FCS 
Cu conc. 
(mg/l) Absorbance (A) Aav 
Aav - 
Ablank 
Effect (%) 
300 0,102 0,101 0,101 0,101 0,058 53,457 
200 0,111 0,101 0,103 0,105 0,062 50,532 
100 0,135 0,133 0,119 0,129 0,086 31,383 
70 0,135 0,143 0,151 0,143 0,100 20,213 
50 0,133 0,136 0,132 0,134 0,091 27,660 
30 0,140 0,142 0,132 0,138 0,095 24,202 
10 0,176 0,184 0,147 0,169 0,126 -0,532 
0 0,180 0,159 0,166 0,168 0,125 0,000 
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5% FCS 
Cu conc. (mg/l) Absorbance (A) Aav  Aav - Ablank Effect (%) 
300 0,099 0,090 0,107 0,099 0,056 53,482 
200 0,100 0,104 0,116 0,107 0,064 46,797 
100 0,128 0,122 0,127 0,126 0,083 30,919 
70 0,120 0,115 0,121 0,119 0,076 36,769 
50 0,124 0,126 0,139 0,130 0,087 27,577 
30 0,127 0,122 0,136 0,128 0,085 28,691 
10 0,131 0,127 0,141 0,133 0,090 24,791 
0 0,168 0,162 0,158 0,163 0,120 0,000 
 
 
Blank 
Absorbance 
(Blank) 
Average 
(blank) 
 
0.043 
 
0.043  
0.044 0.04333333 
 
